INTRODUCTION {#sec1-1}
============

Diabetes mellitus has emerged as a major health issue worldwide representing a spectrum of metabolic disorders characterized by abnormalities in carbohydrate, protein, and lipid metabolism. With no country spared from the burden of diabetes, this complex metabolic disorder is the third leading cause of death in the United States.\[[@ref1]\] India has earned the dubious distinction of being called the diabetes capital of the world. The association between periodontitis and diabetes has also been extensively studied, and the bi-directional relationship between the two has been established far beyond doubt.

Gingiva being a highly vascular tissue with intact vascular system is essential for the continued delivery of oxygen and nutrients to the tissues along with the removal of waste products both of which are required to maintain proper tissue function. Impairment of carbohydrate, protein, and lipid metabolism in diabetes has often been associated with periodontal vascular changes like increased thickness of basement membrane in small blood vessels with the damage occurring in the endothelial cells constituting the lining of small and large vessels leading to micro and macro-vascular complications.\[[@ref2]\] These changes have been hypothesized leading to impediment in oxygen diffusion, metabolic waste elimination, leukocyte migration, and diffusion of immune factors. The poor metabolic control and longer duration of the disease have been attributed to the worsening of vascular changes.

These vascular changes in the diabetic state referred to as arteriosclerotic aging also indicate that the gingival vascular bed accurately reflects the general state of these patients with a significant number of vascular abnormalities being elicited in the gingival tissue from diabetics.\[[@ref3][@ref4]\]

One of the pathologic factors attributed to an increase in the number of blood vessels in the gingival connective tissues is the elevated levels of cytokines in the diabetic patients.\[[@ref5]\] Guiseppe showed that the density of the vessels of superficial periodontium (masticatory or gingival mucosa) in diabetic patients is nearly double that of healthy subjects.\[[@ref6]\]

Research was done related to gingival vascular changes in diabetic patients with periodontitis but not much data is available from histological studies using a specific marker for endothelial cells and the number of blood vessels. Hence, an attempt was made by us to compare the number of blood vessels in the gingival connective tissue of healthy patients with chronic periodontitis (CP) with and without diabetes mellitus using CD34 immuno-histochemical marker.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design {#sec2-1}
------------

Study population comprised of patients attending the Department of Periodontics, Vishnu Dental College and Hospital. A total of 75 subjects were included in the study and were divided into three groups of 25 subjects each which included healthy, CP, and CP with diabetes mellitus (CPDM) type 2. A total of 75 individuals was divided as following;\[[@ref7]\]

Group I -- 25 patients of healthy periodontium (HP) with no features of gingival inflammation, undetectable bleeding on probing and probing depth of \<3 mm with no demonstrable loss of attachmentGroup II -- 25 patients of CP with a probing depth ≥4 mm and CAL ≥ 3 mm which was confirmed by demonstrable intra oral periapical radiographs in at least 6 teethGroup III -- 25 patients of CPDM for at least 3 years and were on medication (controlled glycemic level).

Patients who had not been treated for periodontitis over the previous 2 years and had not taken antibiotics in the past 6 months and with a minimum of 20 natural teeth were included. Those teeth with no periodontal disease and which required crown lengthening for restorative procedures for the first time and not already existing restorations with biologic width violation were included in the study.\[[@ref8][@ref9]\] Patients with smoking, alcohol habits, with other systemic complications other than diabetes mellitus and with hemoglobinopathies were excluded in this study. Informed consent was obtained, and ethical clearance was taken from the Institutional Review Board, Vishnu Dental College, Bhimavaram.

Clinical evaluation of subjects {#sec2-2}
-------------------------------

After obtaining a thorough medical and dental history evaluation of subjects was performed by using a sterile mouth mirror and a Williams graduated periodontal probe using plaque index,\[[@ref10]\] gingival index,\[[@ref11]\] gingival bleeding index,\[[@ref12]\] mean probing pocket depth, and clinical attachment level.

Procedure for obtaining gingival tissues {#sec2-3}
----------------------------------------

In patients with HP gingival biopsies were collected from the subjects undergoing crown lengthening procedure, whereas in patients with CP and in CPDM biopsies were collected from teeth undergoing extraction with Grade III mobility and in cases where in the prognosis was considered hopeless.

Tissue preparation {#sec2-4}
------------------

The samples were fixed in 10% neutral buffered formaldehyde for 24--48 h, embedded in paraffin, sectioned at 5-μm thickness and stained with hematoxylin and eosin to observe the tissue representation that included the subepithelial, superficial, and deep connective tissue of the gingiva. To evaluate the mean vessel number, sections were stained immune-histochemically.

Staining procedure {#sec2-5}
------------------

Sections, 5-μm thick, were mounted on positive charged microscope slides. After de-waxing in xylene, sections were dehydrated in ethanol, rinsed in distilled water. Slides were placed in tri-sodium citrate buffer solution (pH = 6) for antigen retrieval, in a microwave for 15 min at 600 W. Slides were exposed to peroxide and protein block for 10 min each and CD34 mouse anti-human antibody (Biogenex, clone Q Bend/10, Biogenex Laboratories Inc., San Ramon, CA, USA) for 60 min at room temperature. Slides were rinsed in phosphate-buffered saline (PBS) for 5 min. Super enhancer was added and for antibody detection, universal immune peroxidase polymer antimouse antibody was used. Sections were rinsed in PBS for 10 min, and reacted with diaminobenzidine (DAB) chromogen for 10 min and counterstained with Harris\'s hematoxylin and mounted with DPX. Sections treated with the above protocol with no primary antibody added served as a negative control.

Immuno-histochemical evaluation of CD34 positive blood vessels {#sec2-6}
--------------------------------------------------------------

Brown staining was considered as positive staining. Pyogenic granuloma was taken as a positive control. For each section, the endothelial cells that had a positive reaction with CD34 and with an established lumen were counted at five high power fields \[[Figure 1](#F1){ref-type="fig"}\]. Counts were performed on Olympus microscope using image pro plus image analysis software. Results were presented as the mean number of CD34 positive blood vessels for that sample.

![CD34 stained blood vessels in chronic periodontitis with diabetes mellitus patient (yellow arrows represent blood vessels and not all blood vessels are marked). Green arrows represent individual cells stained brown with CD34, possibly representing endothelial progenitor cells or hematopoietic stem cells. These cells were not counted (×40)](JISP-19-164-g001){#F1}

Statistical analysis {#sec2-7}
--------------------

The comparison of changes among groups (HP, CP, CPDM) was tested by Kruskal--Wallis variance analysis and Mann--Whitney U-test was used for pairwise comparison of the groups. *P* \< 0.05 was considered as statistically significant for all the analysis.

RESULTS {#sec1-3}
=======

There was a statistically significant difference between HP, CP, and CPDM regarding all clinical parameters and vessel number (*P* ≤ 0.05). [Table 1](#T1){ref-type="table"} shows the comparison of clinical parameters and vessel numbers between HP and CP, HP and CPDM, CP and CPDM. In intra-group comparison, all the above-mentioned parameters showed statistically significant difference between the groups. No statistical significant difference was observed when the CP and CPDM groups were compared for the average number of blood vessels.

###### 

Comparison of clinical parameters and vessel numbers between the HP and CP

![](JISP-19-164-g002)

DISCUSSION {#sec1-4}
==========

The present study was conducted immuno-histochemically using CD34 antibody and revealed that there was significant difference in the number of blood vessels between HP, CP, and CPDM groups and interestingly, no significant difference was established between CP and CPDM.

CD34, a cluster differentiation molecule is a trans membrane glycol protein that is expressed on human hematopoietic progenitor cells and a small vessel endothelium of a variety of tissues.\[[@ref13]\] This is a more specific method of evaluating vascularization by immune-histochemically targeting the endothelial cells of blood vessels but not lymphatics.\[[@ref14]\] Multiple factors have been advocated to explain the relationship between diabetes mellitus and periodontal disease that has been recognized as the six most important complication of diabetes mellitus. An altered immune inflammatory responsiveness to bacterial pathogens impairing the neutrophil functions and hyperresponsiveness of macrophage/monocyte during episodes of hyperglycemia has been reported.\[[@ref15][@ref16]\] Diabetic patients showed a diminution of formative aspects of connective tissue and increased apoptosis of matrix producing cells such as fibroblasts and osteoblasts in the presence of *Porphyromonas gingivalis* infection.\[[@ref17][@ref18][@ref19]\]

Microvascular changes associated with diabetic complications such as abnormal growth and regeneration of blood vessels and accumulation of advanced glycation end products (AGEs) have been shown in periodontal tissues of the diabetic patients. The AGEs accumulate in the basement membranes of endothelial cells leading to increased membrane thickness and alteration in the normal hemostatic transport across the membrane.\[[@ref16][@ref20]\] In addition, these AGEs are also associated with increased production of vascular endothelial growth factor (VEGF) which in turn is related to microangiopathy and increased angiogenesis\[[@ref21]\] moreover reported to be elevated in gingival tissues of diabetic patients.\[[@ref22]\] In response to the angiogenic stimuli, the vascular endothelial cells secrete proteinases\[[@ref23]\] and was also suggested by Gross *et al*. that tissue degradation seen in the destructive periodontal lesion is the direct result of angiogenic events acting on vessels in inflamed gingiva causing changes in the anatomy of microcirculation and degradation of surrounding connective tissue elements.\[[@ref24]\]

We have performed this study to understand whether CP patients with and without diabetes have a different mean vessel density compared to nondiabetic controls.

In our study, we observed that there is a significant increase in the average number of blood vessels in CP group compared to group with HP.

It is in agreement with earlier reports suggesting that the number of blood vessels in gingival connective tissues of periodontal pockets is higher than that of healthy periodontal tissues. Zoellner and Hunter\[[@ref24]\] reported an increased number of vessels in the deep connective tissues of periodontal pockets with the development of the advanced periodontal lesion. They also suggested that this increase may be due to an increase in the number and loop formation of blood vessels. Bonakdar *et al*.\[[@ref25]\] reported an increase in vascularity in sub epithelial connective tissue from chronic adult periodontitis lesions using dichromatic staining and transmission electron microscopy, suggesting that possible factors in this vascular change might be due to formation of new blood vessels. The relationship between an increased number of blood vessels and progression of the disease with marked thickening of basement membranes especially capillaries and venules were reported.\[[@ref26]\] This increased endothelial surface can cause an increased transition of diverse cytokines, adhesion molecules, and other factors of inflammation. Johnson *et al*.\[[@ref27]\] assessed VEGF in gingiva and compared them with interleukin-6 and number of blood vessels during the initiation and progression of inflammation and suggested that VEGF, by initiating an increase in the vascular network, might be responsible for initiation and progression of gingivitis to periodontitis, coincident to progression of the inflammation. Similarly, a statistically significant increase in the average number of blood vessels in CPDM group when compared with HP group was observed. A study by Scardina *et al*.\[[@ref6]\] using videocapillaroscopy observed that the vascular bed in diabetic subjects showed an increase in the number of capillary loops per mm^2^ suggesting a strong angiogenic activity. The density of the vessels in diabetic subjects is nearly double that of healthy subjects. They described a characteristic periodontal capillary pattern in diabetic subjects appearing as "leopard spot" morphology, with diffused microhemorrhages and capillaries with a cockade pattern. Using experimental rat model for diabetes Sakallioglu *et al*.\[[@ref28]\] evaluated the osmotic pressure and vascular diameter in gingival tissues and proposed a correlation between these two parameters. The authors also suggested the need to investigate the vascular changes in diabetic humans as their study involved only experimentally induced rat model.

In our study, CP and CPDM groups have shown similar clinical indices except for a percentage of gingival bleeding index and mean clinical attachment levels. We did not use any parameters associated with the various mechanisms. For this reason, we cannot suggest possible clinical factors affecting the vasculature of gingival connective tissues in CPDM.

No statistical significant difference was observed when CP and CPDM groups were compared for the average number of blood vessels (*P* = 0.107). This could be due to controlled glycemic status of the patients as this study was performed on diabetic subjects who were on medication and glycemic status was controlled which could have had an effect on the blood vessel proliferation or angiogenesis.

Many factors such as age of the patient, hypoxia state, and inflammation could affect the vascular proliferation thereby the number of vessels. In this study, these parameters were not appraised, and hence some limitations do exist.

CONCLUSION {#sec1-5}
==========

The present study showed that diabetic patients with periodontitis showed increased number of vessels in gingival connective tissues than nondiabetic patients with periodontitis but was not statistically significant. Further studies are necessary on vascular changes in diabetic patients and antiangiogenic agents in prevention and treatment of periodontal diseases seen in diabetes.
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